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Abstract 
Benzo[a]pyrene (B[a]P) is a common environmental contaminant that may accumulate in natural 
water sources. Crayfish may serve as sentinel species and useful model organisms to test for 
bioaccumulation of certain chemical compounds, such as B[a]P. This study was designed to 
observe the accumulation of B[a]P in crayfish tail muscle tissue over time, as well as the length 
of time it remained there after an exposure period. Although the experiments were carried out in 
a controlled laboratory setting, they aimed to simulate the maximum exposure that would occur 
in the natural habitat, by means of an exclusive diet of B[a]P-contaminated food. This diet was 
eventually changed to one presumably free of the contaminant, to test for residual B[a]P in the 
remaining crayfish. Although fewer crayfish than expected lived long enough to be fed the 
contaminant-free diet, those that died during the exposure period were preserved, and provide 
intermediate time points during the accumulation process. It was predicted that the B[a]P levels 
would increase with exposure times, and would begin to gradually decrease after exposure 
ceased. After carrying out these experiments, it was found that only a small percentage of the 
crayfish tested indicated signs of B[a]P accumulation. This trend suggests that these methods 
may be a source of short-term bioaccumulation of the compound in tail muscle, but is unlikely a 
major mechanism. 
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Background 
Benzo[a]pyrene 
Benzo[a]pyrene (B[a]P) is a 5 ring polycyclic aromatic hydrocarbon (PAH) with a chemical 
formula of C20H12. It is produced by the incomplete combustion of organic material. B[a]P is a 
nonpolar hydrophobic molecule, which means it is minimally soluble  in water. Because of this 
low solubility, B[a]P in rivers will attach to nonpolar debris at the bottom of a riverbed where 
crayfish feed. B[a]P is a pro-mutagen and pro-carcinogen which can be extremely harmful to 
living organisms. Inside the body B[a]P is metabolized into the bioactivated benzo[a]pyrene diol 
epoxide (BPDE), (Li, et al. 2001). The BPDE then damages DNA by intercalating, inserting 
itself into the double stranded helix, causing errors to occur during transcription. Some of the 
metabolism pathways of B[a]P are shown in Figure 1 (James, 1998).  
 
B[a]P has been linked to various cancers in many studies, with the majority examining skin, 
lung, and digestive tract cancer from dermal, respiratory, and ingested exposure. The main 
sources of B[a]P in the environment come from burning coal, burning gasoline and diesel in 
automobiles, and from coal tar used in asphalt.  
 
Figure 1: Pathways of metabolism of B[a]P (James, 1998) 
Crayfish  
The model organism for this experiment was the freshwater crayfish. Though two different 
species of crayfish were collected it was assumed that this variation would not be a factor for this 
experiment. The crayfish is a decapod with two large claws and eight smaller walking legs. The 
carapace length of the crayfish used in this study ranged from about 13 to 43 mm. Crayfish are 
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omnivorous, finding the majority of their food at the bottom of riverbeds, and tend to live in 
rocky areas of relatively shallow waters from a few inches to a few feet deep in various parts of 
North America and Europe. They are a food source for larger fish and birds, making them an 
important part of the food chain. Crayfish serve as good indicators of water quality and have 
been used in many studies, including Simon, 2008. The crayfish collected for this study were 
expected to have very little to no exposure to B[a]P due to their close proximity to a manmade 
dam. It is expected that the dam is monitored for environmental reasons and the water should be 
keep uncontaminated. Based on previous research it is assumed that B[a]P accumulates in the tail 
muscle tissue of the crayfish after B[a]P contaminated food has been ingested, (Goscila et al, 
2007).  
  
Bioaccumulation 
Other studies with similar model organisms and similar contaminants and situations can help 
illustrate the importance of using bioindicators for assessing water quality. Burgess and 
McKinney used two marine bivalve species to quantify exposure to polychlorinated biphenyls 
(PCBs) in particulate, colloidal and dissolved aquatic phases (Burgess, 1998). Roper, et al. used 
zebra mussels to monitor PAH accumulation at the Times Beach Confined Disposal Facility in 
Buffalo, New York, (Roper, 1996). Mitra, et al. (2000) also examined PAH levels as monitored 
by grass shrimp and mussels in areas of contrasting exposures of contaminants including B[a]P 
(Mitra, 2000). Furthermore, crayfish also have been used as bioindicators for oil brine threats 
and sediment contaminants (Simon, 2008).  
  
Bioaccumulation Modeling 
A number of models have been created to estimate bioaccumulation on both the organismal and 
ecological levels. Crayfish provide a useful model organism for bioaccumulation, and have been 
used in various studies of chemical uptake from their respective environments (Lin, 2004). The 
role of crayfish in an ecosystem can be an indicator of the potential for further bioaccumulation 
in a food web. Within the crayfish as a species, such accumulation can be estimated with 
formulas, such as this traditional model described by Newman and Jagoe (1994): 
dC/dt = kuCs – keC 
where C = concentration in the organism (mass • mass-1), Cs = concentration in the source (mass 
• mass-1), ke = elimination rate constant (time
-1
), and ku = uptake rate constant (time
-1, volume • 
mass
-1
 • time-1, or volume • volume-1• time-1, depending on the model formulation), (Newman, 
1994). Because the only contaminant this study aimed to test for was benzo[a]pyrene, this 
formula can be useful in comparing the expected and found rates of accumulation. However, as 
Newman and Jagoe note, these models can often be oversimplified, and may not take into 
account all factors and variables. 
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Alonso, et al, offer a more specific approach, including a food chain structure of Barents Sea 
(Alonso, 2008). This study also offers a series of equations, with increasing numbers of 
variables. The first of these is: 
BBorganism = f(F, α, Cfood, kd, t) 
“Where BB (body burden) is the chemical concentration in the organism and Cfood the chemical 
concentration in the food. F is the feeding rate (in kg food / kg of organism / day) and kd is the 
elimination rate constant accounting for the loss of the chemical from the organism (or 
compartment) with units of day
–1,” (Alonso, 2008). The next equations introduce additional time 
patterns (t), and then absorption rates (ka): 
BBorganism, t = BBorganism, t–1 + (F × α × Cfood, t × Δt) 
– (kd × BBorganisms, t–1 × Δt) 
 and 
 BBorganism, t = BBorganism, t–1 + (F × α × Cfood, t × Δt) 
+ (ka × Cwater, t × Δt ) – (kd × BBorganisms, t–1 × Δt) 
 The study also includes considers the Trophic Index, thus extending to larger ecological 
systems, demonstrating the significance of a single organism, such as crayfish.  
 Watanabe, et al, use crayfish and other similar organisms to specifically study bioaccumulation 
of PAHs in a food web (Watanabe, 2004). For crayfish and grass shrimp, they used the formula: 
Cb = CsdocLb/focdl 
 “where Cb is the whole body concentration in the crayfish or shrimp, Cs the sediment 
concentration, doc the density of organic carbon, Lb the lipid fraction, foc the organic carbon 
fraction of the sediment and dl the density of lipids,” (Watanabe, 2004). Other equations were 
used and adjusted for the different organisms. 
Lastly, Lin, et al, narrowed their focus to apply Bayesian approaches to crayfish bioaccumulation 
models. Their first general equation is similar to that one above by Newman and Jagoe, yet more 
tailored to crayfish: 
dC/dt = kuCw + kdCd - keC 
“where ku is the uptake rate constant through the gills (L/kg(lp)/d), Cw is the dissolved PAH 
concentration in water (mg/L), kd is the dietary uptake rate constant (kg(oc)/kg(lp)/d), Cd is the 
concentration of PAH in the diet (mg/kg(oc)), and ke is the total elimination rate constant (1/d),” 
(Lin, 2004).  
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Metabolism of Benzo[a]pyrene 
 The crayfish in this experiment have been fed food contaminated with Benzo[a]pyrene, a PAH. 
After the B[a]P has been taken into the crayfish’s system there are only a limited number of 
ways for it to continue through the crayfish. The two basic pathways are the excretion pathway 
and the degradation pathway. 
 The excretion pathway is relatively simple, if the B[a]P passes through the crayfish digestive 
system before it is absorbed then the B[a]P will not enter the body tissue and leave the body 
completely. It is however unlikely that the B[a]P taken into the body would exit without being 
absorbed. B[a]P is highly hydrophobic because it is a non-polar molecule and will dissolve 
minimally in water. The digestive system is built to have a large surface area to absorb materials; 
it is likely that much of the B[a]P will adhere to the digestive tract of the crayfish as the food is 
broken down.  
The second pathway for the B[a]P to take after it has entered the crayfish is to degrade either 
before or after it is absorbed into the tissue. B[a]P is sensitive to light however since the crayfish 
are under water and the food is inside their bodies it is unlikely that light would degrade any of 
the B[a]P. Two enzymes in humans, cytochrome P450 1A1 and cytochrome P450 1B1, have 
been found to degrade B[a]P (Kim et al., 1998). These two proteins also are present in crayfish 
and are expected to do the same function. When B[a]P is degraded it goes from being a pro-
carcinogen to a carcinogen that intercalates with DNA causing problems with transcription. The 
B[a]P that is not converted and the converted B[a]P then remain in the crayfish tissue. It is 
unknown if the B[a]P degrades inside the crayfish tissue or if it gradually exits the body and so 
this experiment has been designed to test the time it takes for B[a]P to exit, degrade, or exit and 
degrade inside the crayfish. 
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Materials and Methods 
 On September 19, 2009, 72 crayfish were collected from the Quinebaug River, downstream 
from the East Brimfield Dam, in Sturbridge, Massachusetts. Figure 2 shows a satellite image of 
the area, and Figure 3 provides a ground-level view of the collection site. This site was chosen 
for its abundance of crayfish, as well as the presumed negligible amounts of B[a]P, as the water 
comes from a reservoir. The crayfish were caught by hand or with simple fishing nets. 
 
Figure 2: Satellite image of collection site (Google, 2010) 
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Figure 3: Ground-level view of collection site 
Caught crayfish were placed in buckets filled with water from the river, and brought to the 
laboratory at the WPI campus. The crayfish were separated by sex and size, placing no more than 
three in a tank. Most tanks contained two, and the largest crayfish were one per tank. Tanks were 
filled with tap water, and placed on shelves in the lab. Each tank had an airstone. A picture of 
one of the shelves used can be seen in Figure 4: 
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Figure 4: Laboratory setup for crayfish maintenance 
The crayfish were fed Nutrafin Max: Marine Complete Food, a slow-descending fish food every 
3-4 days, (www.hagen.com, 2010). The amount of food to be given was determined by testing 
the maximum amount that would be entirely consumed over a two-day period. This amount was 
increased as necessary until excess food remained. To prevent bacterial or algal blooms, the 
water was also changed at the time of feeding. When changing the water, the current tank was 
drained, a new tank was filled with fresh tap water, and the crayfish were moved to the new tank. 
On October 5, 2009, 10 crayfish were removed as a baseline, and the remaining 62 crayfish 
began to be fed B[a]P-contaminated food.  
To prepare the contaminated food, the same source of food was used, with average piece of food 
determined to be approximately 2.6 mg. Based on previous experiments by Gikas (2008) and 
Letournex (2009), the estimated maximum B[a]P concentration in sediment was determined to 
be 2000 ng/g sediment. This was assumed to be the maximum exposure level of B[a]P in the 
crayfish habitat, and the food was prepared based on this number. The original plan was to 
remove a group of 10 crayfish every two weeks after the B[a]P-contaminated diet had been 
stopped, resulting in a total of 21 weeks. A rough estimate for the total number of pieces of food 
required for 62 crayfish for 21 weeks is 11,000 pieces. This number, multiplied by the average 
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food size, 2.6 mg, yields approximately 30g of food. To create the correct concentration of B[a]P 
food, 100 ml H2O was combined with 30g regular food and 60.06 µg B[a]P. 
10g of regular food was placed in a clean glass mortar, 33 ml of water was added, and allowed to 
sits for 10 minutes. After 10 minutes, the mixture was ground into a uniform liquid paste. 22ul of 
910ug/ml B[a]P solution was added to the mixture and thoroughly mixed for 3-5 minutes. As 
much of the mixture as possible was then removed using a 50 ml syringe and plated on clean 
Pyrex baking sheets in tight rows approximately 0.5-1.0cm apart. These steps were repeated, and 
then the Pyrex baking sheets were placed in a ventilation hood for at least 24 hrs to allow the 
food to dry. The Pyrex baking sheets were removed from the ventilation hood, and the rows of 
B[a]P food were broken into smaller pieces approximately the size of the average food pieces. 
All B[a]P food pieces created were collected and placed in a container for storage. 
Crayfish were fed the B[a]P-contaminated diet until December 8, 2009, 64 days after the diet 
began. After November 13, 2009, crayfish that died during were saved by placing them in a 
plastic bag and storing in a -20
o
C freezer for preservation. Starting on December 8, 2009, the diet 
was reverted to a non-contaminated one, and the remaining crayfish were also preserved as they 
died. 
To analyze the crayfish, the tail muscle tissue had to be dissected. Crayfish were sampled 
randomly, so as to avoid bias while processing results, and assigned a sample number in 
chronological order of preparation. Glass plates were used as a base, and metal scissors and 
forceps, cleaned with Micro 90 solution, were used to cut away the exoskeleton. Before cutting, 
the carapace length was measured using a digital caliper. Excess water was removed from the 
dissected tissue using kimwipes. The total tissue mass was measured on a balance, with the 
tissue itself in a metal weighing boat. The tissue was then saved in a vial in the -20
o
C freezer 
until use in the extraction process.  
The tissue mass was re-measured after the freezing period, and was combined with 
approximately 1g anhydrous sodium sulfate in a glass or ceramic mortar. Using a pestal, these 
were ground into a fine, uniform powder. The mixture was then added to a glass pipet, from 
which a cotton plug was removed, and the opposite end blocked with a small amount of glass 
wool as a particulate barrier. The pipet served as a filtration column, with a glass funnel attached 
to the top, connected with a minimal length of rubber tubing. Mortar and pestal was rinsed into 
the column 5 times using 2 mL hexane. The eluent collected in a glass vial underneath 
A second column was prepared by using the same type of pipet, blocked with glass wool, but 
filled with 4.5 cm of dried silica gel. For ease of column preparation, the silica gel was dried in a 
metal weighing boat in a fume hood prior to loading. Hexane was also the solvent used for these 
columns, and approximately 1 mL of hexane was used to settle the gel into place. A glass funnel 
was attached to the top of the column as before, and the eluent from the first column was applied 
to the second column, followed by a 2mL rinse of the original vial. When ready, this second 
eluent was dried with nitrogen gas in a fume hood, and stored in the -20
o
C freezer. The 
remaining residue in the second collection vial was later re-suspended in 250 µL of hexane 
added by a clean Hamilton syringe. A second Hamilton syringe was used to transfer the 
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suspension from the collection vial to a 2 mL vial. This re-suspension and transfer process was 
repeated 5 times, and the solution in the 2 mL vial was then dried with nitrogen gas.        
This sample was also stored in a freezer until ready for analysis by gas chromatography (GC). 
Assaying with GC was performed as in Sutton, 2009, with the following exceptions: the vials 
were clear, not amber; vials were not floated in a water bath prior to assaying; and 0.5 µL of air 
was drawn into the syringe, instead of 1µL. Additionally, at the end of each day the GC was run 
at 300
o
C for 10mins, returned to 100
o
C, then shut down. Also, the injector septum was replaced 
after about 40 injections immediately before turning on at the beginning of a day. 
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Results 
A standard curve was constructed correlating known concentrations of B[a]P with units of area, 
as integrated by the gas chromatograph and integrator. Two sets of dilutions were run, one by 
each group member, and a plot of the average values appears in Figure 5. For the 10 µg/mL 
value, only one of the sets showed a detectable peak at the appropriate retention time, thus only 
this value was used to construct the standard curve. The decided cutoff for area for detectable 
B[a]P in a sample crayfish was 11,000 units of area.  
 
Figure 5: B[a]P Standard Curve 
The average B[a]P retention time was 28.65 minutes, and the observed range was between 28.3 
and 29.0 minutes. In general, the retention time of B[a]P increased as concentration decreased. 
Using the equation from the standard curve, we were able to take the area of each sample closest 
to the expected retention time of B[a]P to determine its concentration in ng per g tissue. Because 
11,000 units of area was the determined threshold, only 13 samples were usable for this 
calculation. The equation used to find this concentration was: 
{[(Area + intercept) / slope] * 20} / mass 
Where the area is the number provided by the gas chromatograph-integrator, for each 1µL 
sample; the intercept and slope are from the equation of the standard curve, 20 is the number of 
µL in the total sample, and mass is the processing mass, in g, of tail muscle tissue used. 
The 13 usable samples are listed in Table 1 below. Note that all samples after 61 days of 
exposure were switched to a non-contaminated diet for the remainder of the experiment. The 
four samples with the highest concentrations are shown in bold. A close-up of the assumed B[a]P 
peak for each of these four samples is shown in Figures 7-10.  
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Sample # Exposure 
Time 
(days) 
Sex Carapace 
length 
(mm) 
Processing 
Mass (g) 
Area Ng B[a]P / 
g tissue 
53 0 Male 20.8 0.0998 14198 1643.35 
5 40 Female 15.6 0.0975 214376 20280.79 
6 40 Male 14.9 0.0688 20398 3200.16 
44 46 Male 37.9 0.0905 15081 1900.61 
47 50 Male 26.0 0.1024 11311 1346.23 
20 54 Female 22.7 0.1021 228152 20589.34 
9 57 Male 24.6 0.1007 13074 1527.55 
10 57 Male 26.4 0.1037 31488 3091.93 
43 67 Female 33.0 0.0914 22531 2620.28 
28 68 Male 27.6 0.1052 171232 15081.23 
24 71 Male 36.0 0.0557 34324 6217.67 
26 71 Female 20.5 0.1052 30542 2966.38 
17 75 Female 21.0 0.0913 350774 35191.44 
Table 1: GC samples with possible B[a]P areas greater than 11,000 units 
A visual representation of these samples is shown in Figure 6. The sample on the far left side is 
from the initial baseline group, depicted in green. The middle samples, depicted in blue, are 
those that died within the B[a]P feeding regimen, and the samples on the left, depicted in red, are 
those that received non-contaminated food after 61 days of exposure.   
 
 
Figure 6: Time course for detectable levels of B[a]P 
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Figure 7: Close-up of Sample #5, 40 days of exposure 
 
Figure 8: Close-up of Sample #20, 54 days of exposure 
 
Figure 9: Close-up of Sample #28, 61 days of exposure, followed by 7 days of normal diet 
 
Figure 10: Close-up of Sample #17, 61 days of exposure, followed by 14 days of normal diet 
 
It was noticed that a series of peaks creating a pattern was present in every crayfish sample, 
including the baseline group, which could thus be helpful as a calibration. Because two of these 
peaks almost always came out around 27.9 minutes and 29.1 minutes, it was assumed that B[a]P 
would appear within these two peaks. To strengthen our evidence of the retention time of B[a]P, 
we re-ran two samples, and after each one, ran the sample spiked with a known amount of B[a]P. 
The original testing of Sample #40 suggested no traces of B[a]P, and was used as a negative 
control for the spike experiments. Sample #28 showed a peak likely to be B[a]P, and was thus 
used for comparison of retention times. Table 2 lists the retention time and area, and Figure 11 
shows close-ups of the integrations of the four samples used in the spike experiments. 
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Sample # Retention Time Area 
40 Unspiked 28.925 541 
40 Spiked 28.884 2344182 
28 Unspiked 28.851 236274 
28 Spiked 28.883 1354954 
Table 2: GC results for 2 unspiked and B[a]P-spiked samples 
 
Sample 40 unspiked Sample 40 spiked 
 
 
Sample 28 unspiked Sample 28 spiked 
 
 
Figure 11: GC results for 2 unspiked and B[a]P-spiked samples 
 
Among the additional results, three samples showed significant baseline drifts in the gas 
chromatography results. Table 3 lists the data for these samples, which also appear in Table 1, 
and Figure 12 includes the actual printouts. 
 
Sample # Exposure 
Time 
(days) 
Sex Carapace 
length 
(mm) 
Processing 
Mass (g) 
Area of 
B[a]P peak 
Ng B[a]P / 
g tissue 
20 54 Female 22.7 0.1021 228152 20589.34 
9 57 Male 24.6 0.1007 13074 1527.55 
17 75
a
 Female 21.0 0.0913 350774 35191.44 
Table 3: Samples with GC Baseline shifts 
a
14 days of non-contaminated food following B[a]P exposure. 
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Sample 20 Sample 9 Sample 17 
 
 
 
Figure 12: Samples with GC Baseline shifts 
Three other samples showed a peak around 24.7 minutes, for which the corresponding data is 
shown in Table 4. For Sample #39, no area was integrated that could have been B[a]P, based on 
retention time. Similarly, the areas seen in Samples #7 and 38 are too small to be considered 
significant B[a]P traces. Figures 13-15 show the close-ups of the regions containing these peaks.  
Sample # Exposure 
Time 
(days) 
Sex Carapace 
length 
(mm) 
Processing 
Mass (g) 
Retention 
Time 
Area 
7 40 Male 14.2 0.0715 28.625 8719 
38 43 Male 16.6 0.0472 28.661 2658 
39 43 Female 23.1 0.0891 N/A N/A 
Table 4: 24-minute peak phenomenon 
 
 
Figure 13: Sample 7 GC trace showing 24-minute peak phenomenon 
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Figure 14: Sample 38 GC trace showing 24-minute peak phenomenon 
 
 
Figure 15: Sample 39 GC trace showing 24-minute peak phenomenon 
 
Lastly, two samples showed the same pattern peaks as mentioned above, except that they were 
exaggerated in their area. It should be noted that the two samples were taken at the same time, 
and after the B[a]P feeding regimen. Table 5 lists their respective data, and Figures 16 and 17 
show the exaggerated pattern peaks. 
Sample # Exposure 
Time 
(days) 
Sex Carapace 
length 
(mm) 
Processing 
Mass (g) 
Retention 
Time 
Area 
24 71 Male 36.0 0.0557 28.893 34324 
26 71 Female 20.5 0.1052 28.907 30542 
Table 5: Exaggerated GC Pattern Peaks 
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Figure 16: Exaggerated GC pattern peaks in Sample #24 
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Figure 17: Exaggerated GC pattern peaks in Sample #26 
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Discussion 
The trend of the data suggests that there may have been accumulation of B[a]P in the tail muscle 
tissue of the crayfish as a result of the feeding regimen. Also, the findings do not exclude the 
possibility of a decrease in B[a]P levels over time after the exposure period. However, there is 
not a statistically significant amount of data to make a final definitive statement about the 
hypotheses. Of the 61 total samples, 13 showed possible signs of B[a]P, approximately 21%. 
This group consisted of 10% of the 10 baseline samples, 25% of the 28 B[a]P fed samples, and 
38% of the 13 post B[a]P fed samples. Two of the B[a]P fed and two of the post B[a]P fed 
samples showed high B[a]P levels, and one from each group showed a baseline drift. This drift 
may discount the validity of these specific results. 
The predicted results for this experiment were not attained, but from problems encountered 
during the process several suggestions and improvements can be made for future studies. The 
single most impactful setback was the unexpectedly high death rate of the crayfish. Because of 
this rate, the entire time course of collection of B[a]P fed and post B[a]P fed crayfish had to be 
changed. Instead of two-week intervals of specific time point groups, crayfish were collected and 
stored as they died. Also, the exposure and post-exposure times both had to be reduced, 
otherwise there would have been no data on post-exposure samples. Furthermore, a shortened 
time course lowers the time for both bioaccumulation and degradation of the contaminant in 
crayfish tail muscle tissue. 
There are several factors that have been identified that may have contributed to early death 
during the experiment. Many of these involve the environment in which the crayfish were 
maintained, some of which are easier to change than others. The water in which the crayfish 
were maintained in was straight tap water. No tests were performed on the water. The 
temperature of the water was subject to the room temperature which may have been too high, 
making it one of many conditions that were not natural for the crayfish. The tanks in which the 
crayfish were stored were clear plastic and approximately one gallon in volume. These limited 
the mobility of the crayfish, contained no objects for the crayfish to interact with, and the 
brightly illuminated laboratory lights kept the crayfish in a very different environment than what 
is natural.  
Though the effects of B[a]P on the crayfish should not have caused death at such an increased 
rate, it was given to the crayfish at the maximum possible observed exposure levels and therefore 
a lower concentration over a longer time course may help to improve results. To achieve a longer 
time course, a larger number of subjects may be required. Since there was no negative control 
group used for the duration of this experiment, it cannot be determined if the death rate was 
increased due to B[a]P or just the conditions in the laboratory. In future experiments, if death rate 
can be reduced either by making conditions similar to the natural environment or by reducing 
B[a]P levels in the diet, increasing exposure and post exposure times would increase the 
probability of obtaining significant results of bioaccumulation and degradation over time.  
The few results that did have detectable levels of B[a]P show that the method of extraction 
previously established (Sutton, 2009) can successfully extract B[a]P from contaminated samples. 
The GC results, however, were limited by the accuracy of the assay and the sensitivity of the 
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integration. GC settings were determined by previous experiments (Letourneux, 2009) that also 
tested sediment samples which were less “clean” than the tail tissue samples, thus requiring less 
sensitive settings. As a result, the integration printout peaks were harder to visualize and made 
identification less accurate. The baseline cut off of detectable contamination was determined 
using the standard curve data that was collected, but only reflected one of the two sets at the 10 
µg/mL concentration. Increasing the sensitivity of the integrator in future experiments may lead 
to the identification of lower levels of contamination. 
To confirm the retention time of B[a]P, two samples, one which did not appear to have B[a]P 
and one that did, were re-run twice, unspiked and spiked with B[a]P. The results of these 
experiments are located in Table 2 and Figure 11. Both spiked samples had similar retention 
times in the expected range of B[a]P. The sample that was thought to contain B[a]P was 
confirmed when the initial peak thought to be B[a]P was extended by the addition of more B[a]P. 
With the retention time confirmed, B[a]P was also identified to run between two of the peaks in 
the pattern peaks that were previously noticed in all samples.  
In addition to the expected results from the GC analysis of the tail tissue, there were several 
unexpected results that were observed and noted. One of these results, a baseline shift in the GC 
printouts, may have significant effects on the results. Table 3 along with Figure 12 shows the 
data and GC integrations of 3 samples with significant baseline shifts. Two of the samples had 
B[a]P levels above the threshold cut off point and were 2 of the 4 highest contamination samples. 
Based on previous experiments, this baseline shift suggests that these samples contain pre-
existing contamination (Goscila, et al, 2007). If these samples do contain pre-existing 
contamination, then the results from these samples cannot be used and further reduce the results. 
A sharp peak with a retention time near 24 minutes and an exaggerated version of the pattern 
peak are two additional unexpected results that may or may not have affected the results of the 
experiment. Table 4 and Figures 13-15 show the numerical and visual data from the three 
samples that contained the 24 minute peak phenomenon. This peak is an unknown substance that 
may be an additional original contaminant in these crayfish or one of the possible metabolites of 
B[a]P. The exaggerated pattern peaks have the same characteristics as the normal pattern peaks 
with regard to retention time, spacing, and sharpness of peak, except that the peak size is 5-10 
times larger, as can be seen in Table 5 and Figures 16 and 17. The pattern peaks have occurred to 
some degree in every sample of crayfish tissue including the baseline samples. The occurrence of 
the pattern peaks suggests that there may be a contaminant throughout the collection site of the 
crayfish in varying concentrations. However, even if the contamination levels at the collection 
site were varied, the two exaggerated versions of the pattern peaks still seem very high. Without 
knowing the identity of the substance(s), a definitive conclusion cannot be attained. It is also 
possible that the pattern peaks reflect an anatomical feature of the crayfish. If the 24-minute peak 
phenomenon or the pattern peaks are representative of B[a]P metabolites, this would affect the 
results. It is possible more B[a]P accumulated than observed and was metabolized into these 
products. Future studies may wish to examine B[a]P metabolites and their possible correlations 
to these findings. 
Lastly, the bioaccumulation models and equations described in the Background section cannot be 
applied to this study because of a lack of certain data, such as organismal mass and dissolved 
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PAH concentration. However, future experiments may wish to consider using these equations as 
part of their analysis. 
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Appendix A: Information for all crayfish sampled 
 
Time  Died on Sex Size  Mass (g) RT Area Conc. 
0 10/5/2009 Male 16.2 0.0803 29.040 6562 383.668911 
0 10/5/2009 Male 20.8 0.0998 28.645 14198 330.9988472 
0 10/5/2009 Female 30.4 0.0933 28.685 2559 317.7081489 
0 10/5/2009 Male 38.7 0.0941 28.700 1699 312.3440269 
0 10/5/2009 Male 27.4 0.0915 28.702 3960 328.4197909 
0 10/5/2009 Male 28.4 0.0956 28.739 2613 310.2291367 
0 10/5/2009 Male 19.4 0.0893 28.749 6098 343.4872065 
0 10/5/2009 Female 22.7 0.0984 28.898 3158 303.0153888 
0 10/5/2009 Female 18.4 0.1040 28.902 6571 296.2618854 
0 10/5/2009 Female 24.2 0.1004 28.779 1352 291.7376476 
40 11/13/2009 Female 15.6 0.0975 28.294 214376 937.0667408 
40 11/13/2009 Male 14.9 0.0688 28.611 20398 506.3999569 
40 11/13/2009 Male 14.2 0.0715 28.625 8719 439.6803732 
43 11/16/2009 Female 15.3 0.1008 28.798 962 289.4525479 
43 11/16/2009 Male 21.2 0.0802 28.637 762 363.0740446 
43 11/16/2009 Male 16.6 0.0472 28.661 2658 628.6232654 
43 11/16/2009 Female 23.1 0.0891 N/A N/A N/A 
44 11/17/2009 Female 13.4 0.0515 28.805 1509 569.6351146 
46 11/19/2009 Male 37.9 0.0905 28.664 15081 367.8561804 
46 11/19/2009 Female 15.1 0.0436 28.686 2749 681.1361198 
46 11/19/2009 Female 15.1 0.0181 28.817 1013 1612.79988 
50 11/23/2009 Male 26 0.1024 28.998 11311 314.3792525 
50 11/23/2009 Male 26.5 0.1003 28.841 1586 292.7083311 
50 11/23/2009 Male 32.3 0.1058 29.010 7081 292.626145 
50 11/23/2009 Male 28.7 0.9065 28.873 3901 33.13096384 
50 11/23/2009 Female 16.5 0.0517 28.993 2544 573.2649788 
51 11/24/2009 Male 15.1 0.0232 28.694 1698 1266.865584 
51 11/24/2009 Female 24.6 0.1005 28.635 2454 294.6425284 
51 11/24/2009 Male 26.4 0.0467 28.515 4326 645.7614654 
51 11/24/2009 Female 25.9 0.0987 28.606 3556 303.2693859 
54 11/27/2009 Female 23.9 0.1000 28.827 1586 293.5864561 
54 11/27/2009 Female 22.7 0.1021 28.700 228152 934.1648107 
57 11/30/2009 Male 24.6 0.1007 28.505 13074 324.7880837 
57 11/30/2009 Male 26.4 0.1037 28.980 31488 367.1345934 
57 11/30/2009 Male 29.4 0.0992 28.897 2191 297.7312292 
59 12/2/2009 Male 25.9 0.1072 28.843 5469 284.422778 
60 12/3/2009 Female 24.5 0.1017 28.851 5537 299.9993754 
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Table 6 continued 
Time  Died on Sex Size  Mass (g) RT Area Conc. 
61 12/4/2009 Male 36.3 0.0941 28.880 1600 312.0374612 
61 12/4/2009 Male 24.2 0.0996 28.867 3096 299.1832122 
67 12/10/2009 Female 24.5 0.0944 28.870 1609 311.0735978 
67 12/10/2009 Female 33 0.0914 28.304 22531 387.9853036 
68 12/11/2009 Male 27.6 0.1052 28.578 171232 748.9750858 
71 12/14/2009 Male 36.0 0.0557 28.893 34324 698.3527077 
71 12/14/2009 Male 22.7 0.0929 28.869 1211 314.8479387 
71 12/14/2009 Female 20.5 0.1052 28.907 30542 359.27947 
71 12/14/2009 Female 21.4 0.0985 28.915 1048 296.4657519 
71 12/14/2009 Female 16.6 0.0824 28.675 2007 357.783031 
71 12/14/2009 Male 31.4 0.1027 28.746 1505 285.638197 
72 12/15/2009 Male 25.3 0.0973 28.675 583 298.7294878 
75 12/18/2009 Female 21.0 0.0913 28.612 350774 1436.027715 
78 12/21/2009 Male 21.3 0.0967 28.821 2081 305.0970505 
79 12/22/2009 Female 28.1 0.1045 28.855 1786 281.5016657 
79 12/22/2009 Male 36.4 0.1043 28.920 5289 291.8281035 
83 12/26/2009 Male 42.9 0.0969 28.751 5052 313.4015606 
93 1/5/2010 Male 41.1 0.1021 28.874 1103 286.1694725 
96 1/8/2010 Male 28.4 0.0881 28.857 4144 341.7029176 
Table 6: Information for all crayfish sampled 
 Notes: 
Time = Number of days of exposure to B[a]P. Days 67-96 also received non-contaminated food. 
Died on = day moved to freezer 
Size = Length of carapace (mm) 
Mass = mass (g) of tail muscle tissue used 
RT = Retention Time from gas chromatography results 
Area = Area from gas chromatography results 
Conc. = Concentration of B[a]P in tissue (ng/g) 
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Appendix B: Standard Curve results 
 
Sample 
Concentration 
(µg/mL) 
Retention 
Time Area 
Standard Curve - Pat 182 28.456 519558 
  91 28.495 342303 
  61 28.623 146544 
  32 28.691 118140 
  20 28.715 101728 
  10 28.917 1857 
Average 
 
28.6495 
 
    Standard Curve - Matt 182 28.299 291382 
  91 28.398 43849 
  61 28.611 69173 
  32 28.756 2253 
  20 28.740 45069 
  10 29.097 10856 
Average 
 
28.65016667 
 
    Standard Curve - 
Average 182 28.3775 405470 
  91 28.4465 193076 
  61 28.617 107858.5 
  32 28.7235 60196.5 
  20 28.7275 73398.5 
 
10 29.097 10856 
 Average 
 
28.64983333 
 Table 7: Standard Curve results 
Notes: 
The 10 µg/mL value from Pat’s standard curve did not show detectable B[a]P, and was not 
included in the averaged standard curve. 
